Isohydry (i.e., strong regulation of leaf water potential, Ψ l ) is commonly associated with strict stomatal regulation of transpiration under drought, which in turn is believed to minimize hydraulic risk at the expense of reduced carbon assimilation. Hence, the iso/ anisohydric classification has been widely used to assess drought resistance and mortality mechanisms across species, with isohydric species being hypothetically more prone to carbon starvation and anisohydric species more vulnerable to hydraulic failure. These hypotheses and their underlying assumptions, however, have rarely been tested under controlled, experimental conditions. Our objective is to assess the physiological mechanisms underlying drought resistance differences between two co-occurring Mediterranean forest species with contrasting drought responses: Phillyrea latifolia L. (anisohydric and more resistant to drought) and Quercus ilex L. (isohydric and less drought resistant). A total of 100 large saplings (50 per species) were subjected to repeated drought treatments for a period of 3 years, after which Q. ilex showed 18% mortality whereas no mortality was detected in P. latifolia. Relatively isohydric behavior was confirmed for Q. ilex, but higher vulnerability to cavitation in this species implied that estimated embolism levels were similar across species (12-52% in Q. ilex vs~30% in P. latifolia). We also found similar seasonal patterns of stomatal conductance and assimilation between species. If anything, the anisohydric P. latifolia tended to show lower assimilation rates than Q. ilex under extreme drought. Similar growth rates and carbon reserves dynamics in both species also suggests that P. latifolia was as carbon-constrained as Q. ilex. Increasing carbon reserves under extreme drought stress in both species, concurrent with Q. ilex mortality, suggests that mortality in our study was not triggered by carbon starvation. Our results warn against making direct connections between Ψ l regulation, stomatal behavior and the mechanisms of droughtinduced mortality in plants.
Introduction
Both water transport integrity and metabolic activity need to be assured in order to maintain plant physiological activity and, eventually, prevent mortality under stress (Sala et al. 2012 , Nardini et al. 2014 . Plant strategies to cope with water shortage involve a complex set of traits related to water and carbon relations. These traits show strong interactions that can be relevant at different organizational levels and time scales (Mencuccini 2014) . Some of the drought responses that allow plants to keep an adequate water balance involve increasing water uptake and/or decreasing water losses (Regier et al. 2009 ). For instance, in the mid-term plants can increase resource allocation to the root system (Markesteijn and Poorter 2009, Nippert and Holdo 2015) , reduce their leaf area (Bréda et al. 2006 , Ogaya and Peñuelas 2006 , Pinkard et al. 2011 , Limousin et al. 2012 or modify their life cycle (Taeger et al. 2014 to improve their water balance. At shorter time scales and at tissue and organ levels the processes involved (and the resulting interactions) may include stomatal behavior, xylem and phloem transport or source-sink carbon balance (Mencuccini 2014) . Among these, stomatal closure plays a central role in plants' response to drought stress by reducing transpiration and avoiding excessive xylem tensions that could reduce or impede hydraulic transport (Sperry 2000 , Brodribb et al. 2003 .
Under very intense or long droughts, plants may not be able to avoid xylem embolism and thus, xylem repair may rely on xylem refilling and/or regrowth of new vessels (Anderegg et al. 2012 ). However, plant growth can be limited during drought (Gulías et al. 2002 , Galmés et al. 2007 , Ogaya et al. 2014 ) if cell turgor decreases below the species' threshold that allows cell expansion and division. Stomatal conductance is also directly linked with the plant carbon economy by controlling CO 2 uptake and thereby, assimilation. If carbon acquisition is constrained by stomatal closure (e.g., under drought), carbon-related processes such as cell metabolism may become dependent on the availability of carbon reserves (Sala et al. 2010) . Therefore, under similar carbon demand, a higher content of non-structural carbohydrates (NSC) reserves might allow longer survival time as long as carbon stocks are accessible (O'Brien et al. 2014) .
The iso/anisohydry classification, based on the ability to regulate leaf water potential (Ψ l ), has been widely used to characterize drought response strategies in plants (Stocker 1956 , Jones 1990 , Tardieu and Simonneau 1998 . Species are considered isohydric if they maintain midday Ψ l relatively stable as environmental conditions change, whereas anisohydric species track environmental fluctuations in water availability, with no discernible threshold of minimum Ψ l . It has been hypothesized that anisohydric species maintain stomata more open during drought relative to isohydric species and, therefore, are able to sustain carbon assimilation for longer (McDowell et al. 2008, Domec and Johnson 2012) . As a result, anisohydric species would be less prone to carbon starvation (sensu McDowell et al. 2008 ). There are, however, several issues that may complicate this relationship. Firstly, iso/anisohydry is probably best seen as a gradient of responses more than a dichotomy, and its precise meaning may vary across studies depending on the exact definition used (Klein 2014 , Martínez-Vilalta et al. 2014 , Skelton et al. 2015 . Secondly, differences in stomatal sensitivities to Ψ l across species do not necessarily imply differences in stomatal conductance over time during drought, precisely because isoand anisohydric species operate at different Ψ l . In addition, stomatal responses to drought are complex and are also affected by vapor pressure deficit (VPD) (Zhang et al. 2011 , Rogiers et al. 2012 , light intensity (Guyot et al. 2012 ) and hormonal signals, particularly abscisic acid concentrations (Tardieu and Simonneau 1998 , Brodribb and McAdam 2013 , Brodribb et al. 2014 , which further complicates assessing their temporal dynamics considering only stomatal responses to Ψ l . Finally, unless complete stomatal closure always precedes embolism formation in the xylem, the impact of a given stomatal sensitivity to Ψ l on water potential regulation will depend also on the vulnerability of the hydraulic system of the plant (Martínez-Vilalta et al. 2014) . Although Klein (2014) showed that differences in stomatal sensitivity to Ψ l across species were smaller than differences in xylem hydraulic transport sensitivity (by comparing the Ψ l at which 50% of stomatal conductance or hydraulic conductivity is lost), the extent to which stomatal closure occurs always before hydraulic conductivity losses across species is unknown.
In a previous study, Garcia-Forner et al. (2016) compared the seasonal responses of Pinus edulis Engelm. and Juniperus monosperma (Engelm.) Sarg. subjected to experimental drought in SW USA, and found that both species reached~0 stomatal conductance at approximately the same time, despite the fact that the two species operate at very different water potentials and are considered paradigmatic examples of iso-and anisohydric behavior. Thus, keeping relatively high (close to zero) Ψ l may not necessarily imply a cost in terms of carbon assimilation under drought. If this was true, isohydric species would not necessarily show greater dependence on their stored carbohydrates nor would they be more prone to death through carbon starvation (sensu McDowell et al. 2008) , unless their carbon demand is greater than in anisohydric species. In addition, stomatal closure at lower (more negative) water potentials in the juniper (anisohydric species) did not result in higher hydraulic impairment in this species, due to its higher resistance to xylem embolism (Garcia-Forner et al. 2016) . These results contrast with the generally assumed relationships between stomatal behavior and plant water and carbon relations. It is thus important to establish whether these results extend to other species with contrasting iso/anisohydric behavior and clarify the implications of water potential regulation in terms of stomatal responses and the physiological mechanisms of plant mortality under drought.
Forest die-off and an increase of crown defoliation have been reported in several areas across the Mediterranean basin, and it has been associated with an increase in average temperatures and a decrease in water availability (Carnicer et al. 2011) . Holm oak (Quercus ilex L.), an evergreen, isohydric tree (Quero et al. 2011 ) dominating large forest areas in the Mediterranean basin, has been shown to strongly reduce growth and increase stem mortality rates in response to water shortage (Lloret and Siscart 1995 , Lloret et al. 2004 . Mortality in this species affects mostly aboveground tissues and it is frequently followed by abundant resprouting, but whole-plant mortality has been also observed (Lloret et al. 2004 , Galiano et al. 2012 . Phillyrea latifolia L., a co-occurring, evergreen species, shows lower minimum leaf water potentials (Ogaya et al. 2014) and it is able to maintain water transport and photosynthesis at lower Ψ l than Q. ilex (Martínez-Vilalta et al. 2002) . Field studies have shown lower drought-induced mortality in P. latifolia than in Q. ilex, as well as higher recruitment of the former species , Barbeta et al. 2013 , Saura-Mas et al. 2015 , which could trigger shifts in vegetation composition (Mueller et al. 2005 ; but see Lloret et al. 2012) . Some experimental throughfall studies, however, have shown that in the long Tree Physiology Volume 37, 2017 term Q. ilex populations may acclimate to reduced water availability by reducing stand density (Barbeta et al. 2013 , Rosas et al. 2013 . These results highlight the need for further studies characterizing the mechanisms that could trigger a shift in the composition of Mediterranean holm oak forests.
In this study we compare the physiological responses to extreme drought of large saplings of P. latifolia and Q. ilex in a greenhouse experiment. These two Mediterranean species are considered models of anisohydric and isohydric behavior, respectively (Martínez-Vilalta et al. 2003 , Mereu et al. 2009 ). Our main objectives are to assess whether the differences observed in the field are maintained when the two species are grown under identical, controlled environmental conditions, and to study the physiological mechanisms that underlie species differences in drought resistance. We expect to find lower mortality rates in P. latifolia than Q. ilex, consistent with previous studies under field conditions. In addition, we expect P. latifolia to close stomata at lower (more negative) water potentials, but this difference will not necessarily translate into higher stomatal conductance over time or longer periods of positive gas exchange (assimilation) during drought. Overall impacts of different gas exchange behaviors are assessed by comparing growth and NSC dynamics between species.
Materials and methods

Plant material and experimental design
The study was conducted in a polytunnel greenhouse located in the experimental facilities of the Institute of Agricultural, Food Research and Technology (2º10′15.29″E, 41º36′48.34″N, 203 m above sea level (a.s.l.); IRTA, Caldes de Montbui, Spain). Phillyrea latifolia L. and Q. ilex L. saplings were monitored from 2011 to 2014. In April 2011, 50 saplings (7 years old and 1.5 m tall, grown in individual pots) per species were transplanted into the ground at random locations within a regular grid inside the tunnel. Individual plants were separated by 1.5 m. Soils are farmlands with sandy loam texture and a minimum depth of 80 cm, and were plowed (subsoiled) before planting the trees. The acclimation period in the greenhouse (no treatment) lasted 1 year during which we applied bi-weekly drip irrigation following the monthly rainfall pattern at Prades Mountains (41º19′58.05″ N, 1º00′52.26″E, 1015 m a.s.l.; NE Spain), where the two study species coexist, reduced by 20% to account for shallower soil at Prades. This irrigation scheme will be referred hereafter to as the 'normal watering regime'.
After 1 year of acclimation, 8 and 6 Q. ilex and P. latifolia trees, respectively, were assigned to the control (C) treatment and the remaining 42 and 44 trees per species, respectively, were assigned to the drought (D) treatment. The temporal development of the study includes six experimental periods: acclimation period, from April 2011 to May 2012; first drought period, from 11 May to 2 October 2012; recovery period, from 3 October 2012 to 24 May 2013; second drought period, from 25 May to 7 September 2013; unintended flooding on 7-9 September 2013; and the third drought period from the flooding until the end of 2014 (Figure 1 ). We applied normal watering to C trees during all the experiment and to D trees only during acclimation and recovery periods. During drought periods, D trees received no watering (and the tunnel plastic roof excluded rainfall). Exceptional rains caused a flooding in the study area in September 2013 (Figure 1 ), which resulted in running water entering our tunnel greenhouse. In practice, the period immediately after the flooding can be thus considered a second recovery period after a rainfall pulse.
Overview of morphological and physiological measurements
All trees were characterized morphologically at the end of the acclimation period (Figure 1 ). In addition, we measured photosynthetic curves in response to light and CO 2 in a subset of five trees per species. Tree growth was evaluated once per year in all trees (in winter) and leaf shedding was also evaluated in spring and autumn 2013 and in spring 2014. A visual evaluation of the condition of each tree was conducted throughout the experimental period. The frequency of the assessments was Figure 1 . Experimental design and timing of different measurement campaigns. Monthly information from 2011 to 2014 is shown. Experimental design is divided into six periods: acclimation, first drought, recovery, second drought, unintended flooding (cloud symbol) and third drought. Acclimation and recovery periods are shown in gray and drought periods in brown. Vertical lines indicate when different measurements were taken: growth measurements (basal diameter and twig diameter and length), dark blue; pre-treatment species characterization (light and CO 2 response curves), pink; physiological monitoring (gas exchange, chlorophyll fluorescence and water potentials), green; and leaf shedding, brown. Symbols filled with a C letter indicate sample collection for NSC. Black crosses indicate when a tree dies (mortality was only observed in Q. ilex).
Tree Physiology Online at http://www.treephys.oxfordjournals.org approximately weekly and it was intensified during the most stressful periods and towards the end of the experiment. A tree was considered dead when all leaves were brown and dry and there was no green phloem in the main stem.
In 2012 physiological measurements were performed in a subset of 30 trees per species (5 C + 25 D trees). The following years all trees were measured but half of the D trees were subjected to an additional treatment that did not interfere with the current study. These trees are not considered here. Thus, in 2013 and 2014 we include all C trees plus 22-24 D trees per species (from which 13 were also tracked in 2012). In the same subsets of trees, branches were collected to measure NSC in spring and fall over the three study years (except for fall 2014). Leaf water potentials (predawn and midday), leaf gas exchange and chlorophyll fluorescence were monitored from 2012 to 2014 (Figure 1 ): once during the acclimation period (May 2012), five times during the first drought, twice during the recovery period in 2012, once prior to the second drought period, three times during the second drought period, a week after the 2013 flooding and, finally, 8 months after the third drought period had started (May 2014). Leaf dark respiration was not measured in 2012. All these measurements are described in detail in the following sections.
Meteorological and soil moisture measurements
Ambient temperature and relative humidity (RH) were monitored in the tunnel greenhouse at 1.5 m height with two EHT Temperature/RH sensors (Decagon Devices Inc., Pullman, WA, USA). Four SD222 photosynthetically active radiation (PAR) sensors (Macam Photometrics Ltd, Livingstone, UK) were installed at 3 m height across the length of the greenhouse. Temperature, RH and PAR were recorded every 15 min with an Em50 datalogger (Decagon Devices Inc.; for temperature and RH) and a CR10X datalogger (Campbell Scientific Inc., Logan, UT, USA; for PAR).
Soil water content (SWC) was monitored in 2012 with a total of 12 10HS Soil Moisture Probes (Decagon Devices Inc.) vertically installed at 25 cm depth and at a distance of 30 cm from randomly assigned trees (four droughted trees and two control trees per species). These probes were substituted by 18 EC-5 Soil Moisture Probes (Decagon Devices Inc.) at the end of 2012. Nine probes per species were installed nearby six D trees and three C trees, at the same soil depth as before. Soil water content data were recorded every 30 min using a CR1000 datalogger (Campbell Scientific Inc.). All meteorological data and SWC were monitored from December 2011 to September 2014.
Morphological measurements
In March 2012, we measured the height (H) and stem diameter at breast height (DBH) at 5 cm from the soil on all trees. Trees' sapwood area (A S ) was calculated from stem diameter (no heartwood was observed). At this point total leaf area per plant (A L ) was estimated following Vanderklein et al. (2007) by multiplying total foliated branch length by mean leaf density and mean individual leaf area. Mean leaf density was estimated by counting the number of leaves in 20 cm long sections of two representative branch segments per tree. In these same segments individual leaf area was estimated by measuring midrib length in a subsample of two leaves per segment and using the relationships between midrib length and leaf area determined previously in the same experimental trees for each species. Tree level leaf-to-sapwood area ratio (A L :A S ) was calculated as the quotient between A L and A S . In April 2013, two branches per tree were selected to estimate A L :A S in the same manner, and these branch level measurements were repeated three times between 2013 and 2014.
Stem basal area increment (BAI) and relative growth rate (RGR) in twigs were measured annually. For the latter, three twigs located~1 m above the ground and separated~120º along the tree circumference (facing N, SW and SE) were selected per tree in winter 2011 and were measured annually to calculate the RGR in basal diameter (RGR.D) and length (RGR.L). These measurements were averaged per tree.
Initial physiological characterization
Light and CO 2 response curves were established on fully expanded leaves from five trees per species. We used a Li-6400XT open infrared gas exchange analyzer system (Li-Cor, Lincoln, NE, USA) fixing chamber conditions to 43 ± 2% RH and 25 ºC of temperature. For light-response curves CO 2 was fixed at 400 p.p.m., quantum flux density started at 750 µmol m −2 s −1 , increased until 1500 µmol m −2 s −1 and then it was slowly reduced to 0. The maximum photosynthetic rate (A max ) was estimated from these curves and dark respiration rate (R d ) was estimated after darkening the leaf for 30 min, ensuring that all reaction centers had been closed (controlled with F o ). In the CO 2 response curves Photosynthetic Photon Flux Density was fixed to 1500 µmol m −2 s −1 and ambient concentration of CO 2 was decreased slowly from 390 to 50 µmol m −2 s −1 and then increased to 1250 µmol m −2 s −1 (Galmés et al. 2007 ). To fit these curves we used half of the individual R d values estimated before (Niinemets et al. 2005 , Sharkey 2016 . Maximum RuBP saturated rate of carboxylation (V c,max ), the electron transport rate driving RuBP regeneration (J max ) and the triose-phosphate utilization rate (V TPU ) were calculated from CO 2 response curves following Farquhar et al. (1980) and von Caemmerer (2000) .
Non-structural carbohydrates
Non-structural carbohydrates in branches were measured five times: before (spring) and after (fall) the drought treatment in 2012 and 2013 and after 8 months without watering in spring 2014 ( Figure 1 ). All samples were rapidly microwaved for 90 s at 750 W powder and NSC concentrations were analyzed following the enzymatic procedures described by Hoch et al. (2002) ,
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including minor modifications by Galiano et al. (2011) . Nonstructural carbohydrates were calculated as the sum of glucose, fructose, sucrose and starch, individually quantified. We were not able to quantify sugars from the raffinose family, which can represent a substantial portion of the soluble sugars in P. latifolia. Therefore, our NSC values for this species should be seen as minimum estimates.
Physiological monitoring
Monitoring consisted of seven, four and one campaign(s) in 2012, 2013 and 2014, respectively, including measurements before, during and after the imposed drought during the first 2 years (Figure 1 ). At each time leaf samples were cut before sunrise for predawn water potential (Ψ pd ) and at noon (solar time) for midday water potential (Ψ md ). After harvesting, samples were wrapped and stored in a cooler until measurements were taken within 2 h of collection. All water potentials were determined with a pressure chamber (3005 Soil 265 Moisture Corp., Santa Barbara, CA, USA). On the same dates, instantaneous gas exchange and chlorophyll fluorescence were measured using a Li-Cor LI-6400XT open infrared gas exchange analyzer system equipped with a 6400-40 Leaf Chamber Fluorometer (Li-Cor , 43 ± 3% RH and 25 ºC block temperature. All measurements were taken once steady state had been achieved (sum of the coefficients of variation of H 2 O, CO 2 and flow ≤3%).
The relationship between stomatal conductance and net assimilation rate was evaluated by species using the empirical model of Ball, Woodrow and Berry (1987) (cf. Limousin et al. 2013 ):
where RH and C a are the relative humidity and the CO 2 concentration around the leaf inside the chamber, respectively, and g 0 and m are the intercept and slope of the regression.
Statistical analyses
Different types of analyses were conducted. (i) Simple linear models were used to compare parameters extracted from the photosynthetic response curves (R d , A max , V c,max , J max ) between species.
(ii) General linear mixed models were used to study time series of Ψ pd , Ψ md , A N , g s , F v /F m , R d , leaf shedding, growth and NSC (one model per response variable). In all these models, tree identity was included as a random factor and date, species, treatment and their interactions were considered as fixed factors.
Additional models were used to assess differences in growth and NSC of D trees by species and date, in which values for D trees were expressed as percentage deviations from concurrent measurements on C trees. (iii) Mixed models with species and treatment as fixed factors and tree as a random factor were also used to fit the relationships between gas exchange (A N and g s ) and water potentials (Ψ pd and Ψ md ), and to fit the Ball, Woodrow and Berry equation. (iv) Finally, to compare assimilation and stomatal conductances between species, average A N and g s values by species and date were regressed against the values of the same variable measured concurrently in the other species, using model II simple linear regression (major axis method). In these analyses, deviation from the zero intercept and 1:1 slope indicate differences in seasonal gas exchange between species. All analyses were conducted using the R Statistical Software v.3.0.3 (R Development Core Team 2014), using the functions lme from the nlme package for linear models and lmodel2 from the lmodel2 package for model II regression. Model selection was based on Akaike Information Criterion. Post-hoc tests were carried out using the function cld from the package lsmeans for pairwise comparisons of least squares means. Significant differences were accepted when P < 0.05.
Results
Environmental conditions and trees survival
Environmental conditions inside the greenhouse followed typical Mediterranean patterns with maximum temperatures and VPD during summer and occasional cold spells during winter. Annual averages during 2012-2014 were~17 ºC and~2 kPa (daytime), 2012 being the hottest year (see Figure S1 available as Supplementary Data at Tree Physiology Online). Annual average temperature was 1-2 ºC above average air temperature outside the greenhouse (www.ruralcat.net, Caldes de Montbui meteorological station; see Figure S2 
Initial species characterization
At the beginning of the experiment trees had a DBH of 23.5 ± 0.5 mm and were 169 ± 0.3 cm tall, on average. The size of C trees was similar between species and there was no difference between C and D trees within species; however, Q. ilex D trees were slightly but significantly smaller than P. latifolia ones (Table 1) . Tree level A L was 0.89 ± 0.4 m 2 on average and both A L and A L :A S were similar between species and treatments (Table 1) .
There was no difference in photosynthetic response to light and CO 2 between species, except for R d , which was approximately half in Q. ilex compared with P. latifolia (P < 0.01; Table 2 ).
Growth and leaf area dynamics
Both species showed lower growth rates (BAI) in D than in C trees in 2012, with a particularly large difference (3.1 ± 0.3 cm 2 ) for P. latifolia (Figure 3 ; see Table S1 available as Supplementary Data at Tree Physiology Online). A BAI reduction between 2012 and 2013 was noticeable in both species, but it was only significant for C trees. In 2014, BAI decreased in both species for D trees down to extremely low values. In contrast, BAI increased in C trees of both species to initial (2012) values, probably due to the higher water availability as a result of the September 2013 flooding. The relative BAI reduction of D trees (relative to C individuals) was thus maximum in 2014 for both species. This relative BAI was similar between species over the three experimental years (see Figure S3a and Table S2 available as Supplementary Data at Tree Physiology Online). Relative growth rate in branches (RGR for diameter and length; Figure 3b and c; see Tables S3-S6 available as Supplementary Data at Tree Physiology Online) decreased through the years in both species and treatments to almost no branch growth in D trees during 2014. Patterns were again similar when comparing relative RGR (D vs C trees) between species, with the exception of higher relative RGR in Q. ilex in 2013 (see Figure S3b and c, and Tables S4 and S6 available as Supplementary Data at Tree Physiology Online). Phillyrea latifolia trees exhibited higher A L :A S at branch level than Q. ilex trees during the whole study. P. latifolia reduced branch A L :A S throughout the experiment, but only 2014 values were significantly lower than the initial ones (see Figure S4 and Table S7 available as Supplementary Data at Tree Physiology Online). No difference in branch A L :A S was observed over time in Q. ilex. The two species showed similar shedding behavior between C and D trees; however, there was a tendency (P-value between treatments = 0.06) in P. latifolia towards higher A L :A S.br in D than in C trees.
Non-structural carbohydrates
Prior to the first drought period being imposed, the concentration of NSC in branches was higher in Q. ilex than P. latifolia for both C and D trees (Figure 4) . In P. latifolia D trees, NSC concentrations increased from spring to fall in 2012, but not in 2013, while no differences were observed in C trees (Figure 4) . . Asterisks indicate significant differences between treatments within species for a given year (*: 0.01 < P < 0.05, **: 0.001 < P < 0.01, ***: P < 0.001, n.s.: not significant). Letters indicate significant differences (P < 0.05) over years for a given species and treatment; uppercase is used for C trees and lowercase for D trees. The tables on the right show, for each variable, the comparison between species as a function of treatment and year. In Q. ilex, NSC increased after the imposed drought only during 2013 (C and D trees). After 8 months with no water supply (spring 2014) NSC concentrations increased in both Q. ilex and P. latifolia for C and D trees (although the difference was not significant for Q. ilex C trees) to reach the maximum values observed during the whole study period in all combinations of species and treatment. At this time, NSC concentration in D trees was significantly higher (P < 0.05) in Q. ilex (14.0 ± 1.0% dry weight) than in P. latifolia (10.8 ± 0.6% dry weight); while NSC concentration was similar between species for C trees. The largest increase in both species was in the starch content. There was no clear pattern when comparing the NSC changes of D relative to C trees over time, with significant differences between species observed only in fall 2012 (increase for Q. ilex, no change for P. latifolia; see Figure S5 and Table S8 available as Supplementary Data at Tree Physiology Online).
Physiological time courses
Overall, in 2012 and 2013 Ψ pd , Ψ md , A N , g s and F v /F m were higher in spring prior to drought onset and decreased as soil dried during the summer (Figures 5 and 6 ). Drought recovery depended on the studied variable and year. The only measurement campaign performed in 2014 (May) showed similar or lower water potentials, A N , g s and F v /F m compared with those measured at the peak of stress in D trees during the previous years. In P. latifolia C trees R d increased significantly in 2014 up to values higher than those observed in July 2013 (Figure 6c ; see Table S13 available . Letters indicate significant differences (P < 0.05) over time for a given species and treatment; uppercase is used for C trees and lowercase for D trees. Asterisks at the bottom of the plot indicate significant differences between species for a given date and treatment (*: 0.01 < P < 0.05, **: 0.001 < P < 0.01, ***: P < 0.001, n.s.: not significant).
Significant differences between species for D trees (arrows in Figures 5 and 6) were noticeable over the experimental period (these results were consistent when only D trees were included in the models; see Table S22 available as Supplementary Data at Tree Physiology Online). Water potentials (Ψ pd and Ψ md ) were higher in Q. ilex ( Figure 5 ; see Tables S9 and S10 available as Supplementary Data at Tree Physiology Online). Amongst D trees, A N , g s and F v /F m were generally lower in P. latifolia than in Q. ilex but, unlike what happened for water potentials, the differences were not always significant and tended to become less frequent over time (Figure 6a , b, and d; see Tables S11, S12 and S14 available as Supplementary Data at Tree Physiology Online). Differences in R d between species were significant for two dates, albeit in opposite directions (Figure 6c ; see Table S13 available as Supplementary Data at Tree Physiology Online). Note that in this case C and D trees were pooled together because there was no treatment effect on R d throughout the study.
The experimental drought period was shorter in 2013 than in 2012 (105 days compared with the 153 days the previous year). However, minimum average Ψ pd in P. latifolia D trees was lower in 2013 (P < 0.0001; Figure 5a ). Different water availability between years was not reflected in A N and g s , as these variables reached similar values for D trees during the drought peak in all years (Figure 6a,b) . Differences between C and D trees within species were more frequent during the first drought period than during the second for all studied variables (more days with significant differences, shown as asterisks in Figures 5  and 6 ). Recovery of water potentials after re-watering in 2012 was similar for C and D trees ( Figure 5 ), but g s , A N and F v /F m increased more in C than in D trees, reaching values above baseline (spring) rates (Figure 6 ). During recovery in 2013, P. latifolia D trees showed lower water potentials, A N and g s than C trees. At this time, only Ψ md and A N were different between treatments (lower in D trees) in Q. ilex.
Stomatal and photosynthetic responses
The response of g s and A N to declining predawn water potential (Ψ pd ) was faster in Q. ilex than P. latifolia (P-value of the slope difference was <0.0001 and 0.0031, for g s and A N , respectively; see Figure S6a , and b available as Supplementary Data at Tree Physiology Online). Stomatal conductance at Ψ pd ≈ 0 (intercept) was significantly higher in Q. ilex than P. latifolia (P-value of the intercept was <0.0001). There were no differences between treatments in g s and A N response to Ψ pd (see Figure S6 , and Tables S15 and S16 available as Supplementary Data at Tree Physiology Online). Similar results were obtained when comparing Tree Physiology Online at http://www.treephys.oxfordjournals.org g s response to declining Ψ md across species, with faster declines in Q. ilex than P. latifolia. However, A N responses to Ψ md were similar between species (see Figure S6c , and d, and Tables S17 and S18 available as Supplementary Data at Tree Physiology Online).
No consistent differences in average stomatal conductances (by date) were observed between species through the experiment, as shown by the fact that the slope of the regression line between g s values for the two species (0.88) was not different Figure 6 . Time course of (a) net assimilation rate (A N ), (b) stomatal conductance (g s ), (c) dark respiration rate (R d ) and (d) maximum quantum yield (F v /F m ) in leaves of P. latifolia (gray circles) and Q. ilex (black triangles) during the experimental period. Means and standard errors are shown. In both species empty symbols and dashed lines indicate C trees and filled symbols and solid lines indicate D trees. Asterisks indicate significant differences within species between treatments (C vs D) and arrows indicate significant differences between species for D trees (or between species grouping C and D trees in panel (c); due to lack of treatment effects in this case).
Tree Physiology Volume 37, 2017 from 1. The same result was obtained regardless of whether the analysis included C and D trees (Figure 7a ) or only D trees (see Table S19 available as Supplementary Data at Tree Physiology Online). However, the intercept of the relationship was significantly different from 0, with higher values for Q. ilex at low g s . Despite similar g s patterns, the slope of the regression between the A N of the two species (including C and D trees) was significantly different from 1 (95% confidence intervals of the slope = 0.47-0.76; Figure 7b ). Phillyrea latifolia showed higher A N than Q. ilex during relatively favorable periods (high A N ) but the opposite happened at low A N (during stressful periods). Again, the same result was obtained when only D trees were considered (see Table S20 available as Supplementary Data at Tree Physiology Online). Finally, both species showed the same slope between g s and A N (cf. (Eq. 1)) (Table 3 ), but Q. ilex showed slightly but significantly higher residual cuticular conductance (g 0 ) than P. latifolia (Table 3; see Table S21 available as Supplementary Data at Tree Physiology Online).
Discussion
Our results confirmed the differences in drought resistance between Q. ilex and P. latifolia observed in the field Peñuelas 2003, 2007) , as substantial Q. ilex mortality was observed at the end of the experiment (18%), while all P. latifolia individuals survived. Our study is unique in that previous reports of higher mortality rates in Q. ilex than in P. latifolia in response to drought focused on the percentage of tree stems dying Peñuelas 2007, Barbeta et al. 2013 ) rather than on whole-tree mortality. Hence, despite the fact that both species showed a substantial recovery capacity after recurrent droughts, differences in drought resistance between the studied species support the hypothesis that shifts in species composition in Mediterranean holm oak forest may occur with increasing drought frequency and/or intensity (Saura-Mas et al. 2015) .
It should be noted, however, that in our case three periods of 5, 3.5 and 9 months with no water supply (and increased temperatures due to the greenhouse effect) were needed to induce mortality in Q. ilex. This situation also contrasts with most experimental studies using potted plants, which tend to underestimate survival in the field. Rainless periods of more than 3-4 months are currently exceptional in the distribution range of the two study species. The fact that shorter droughts have been reported to cause Q. ilex mortality in the field (Lloret and Siscart 1995 , Lloret et al. 2004 ) likely reflects two facts. Firstly, stem mortality occurs under less extreme conditions than whole-individual mortality (Galiano et al. 2012) . This is an important aspect in coppiced trees like Q. ilex and clearly requires further study. Secondly, soil conditions in our experiment were more favorable to plants (deep farmland soils in a flat plain) than those found in most natural forests.
Phillyrea latifolia (anisohydric species) is not necessarily closer to hydraulic failure than Q. ilex Seasonal Ψ pd variation followed soil water availability patterns over drought-recovery cycles in D trees, but with different absolute values by species. As expected (Bombelli and Gratani 2003 , Serrano et al. 2005 , Ogaya et al. 2014 , P. latifolia exhibited the most negative water potentials both years (and also in spring Tree Physiology Online at http://www.treephys.oxfordjournals.org 2014). However, these differences become less clear when they are translated into xylem embolism levels. Maximum percent loss of hydraulic conductivity (PLC) for P. latifolia estimated from published vulnerability curves (Martínez-Vilalta et al. 2002) and the average of minimum Ψ pd and Ψ md values measured in this study was 30%. Published P 50 values for Q. ilex stems vary widely between studies, likely reflecting methodological artifacts (MartinStPaul et al. 2014) . Using the two extreme values reported by Martínez-Vilalta et al. (2002) and Martin-StPaul et al. (2014) applying the bench dehydration technique (likely the most robust methodology for establishing vulnerability curves in long-vessel species), the maximum PLC estimates for Q. ilex over the study period ranged between 12% and 52%. These values are similar to those estimated for P. latifolia. Our PLC estimates, however, should be considered with caution, as they are based on vulnerability curves measured on different trees and further assume that the average of Ψ pd and Ψ md is a reasonable estimate of xylem water potential. Field observations and comparative studies (Martínez-Vilalta et al. 2002 show that under the same soil conditions Q. ilex experiences greater reductions in plant hydraulic conductance than P. latifolia.
The fact that Q. ilex showed higher cuticular conductance than P. latifolia (Table 3 ) and maintained leaf area under extreme water stress (see Figure S4 available as Supplementary Data at Tree Physiology Online) also suggests greater transpiration losses at the whole-tree level and, presumably, higher hydraulic vulnerability in this species. Overall, these results are consistent with those reported by Garcia-Forner et al. (2016) for P. edulis and J. monosperma in SW USA, and support the notion that anisohydric species, such as P. latifolia in this study, are not necessary more prone to hydraulic failure than coexisting isohydric species (Q. ilex), contrary to the hypothesis put forward by McDowell et al. (2008 McDowell et al. ( , 2011 Seasonal assimilation is unrelated to iso/anisohydric behavior in the study species Although the difference in water potential regulation between Q. ilex (isohydric) and P. latifolia (anisohydric) is well established, there is less agreement when comparing stomatal behavior and assimilation rates in response to drought: some studies show similar gas exchange between species (Gratani and Bombelli 1999 , Bombelli and Gratani 2003 , Gratani and Varone 2004 , whereas others report higher gas exchange rates in Q. ilex under well-watered conditions, but lower values in this species when drought stress increases , Ogaya et al. 2014 ). In our experimental study on plants subjected to the same environmental conditions during almost 4 years we observed that g s decreased faster with declining Ψ pd in Q. ilex than in P. latifolia (see Figure S6 available as Supplementary Data at Tree Physiology Online). However, this is not the relevant comparison with regards to the plant carbon economy, precisely because both species operate at different water potentials. It is more informative to compare the temporal dynamics of gas exchange or the relationship between concurrent measurements of g s or A N on the two species. When this is done, differences between species are only evident for assimilation (not for g s ; Figure 7) . Interestingly, the relatively isohydric Q. ilex D trees displayed lower assimilation rates than P. latifolia D trees under favorable conditions (high soil moisture, low VPD, and mild light and temperatures) but sustained higher assimilation rates when conditions became drier (Figure 7 ). Although differences in diurnal gas exchange could still be possible between species (we only have seasonal data on mid-morning gas exchange), this result suggests that water potential regulation may be uncoupled from seasonal stomatal control and that assimilation is not necessarily more constrained in isohydric relative to anisohydric species (Quero et al. 2011 , Garcia-Forner et al. 2016 . Although temporal dynamics of R d were largely similar between species (Figure 6c ), higher R d values of P. latifolia under well-watered conditions (photosynthetic curves) and in C trees in spring 2014 suggest that P. latifolia may have similar or higher carbon demand for respiration than Q. ilex.
Our results do not disprove the statement that isohydric species are more carbon limited than anisohydric species, as this would have required a whole-tree carbon balance approach over long time scales, which we did not attempt. However, our data indicate that direct links between isohydry and carbon balance should not be assumed without proper testing. In addition, growth and NSC data also suggest that the isohydric species in our study (Q. ilex) is not more carbon limited than the anisohydric species. Unlike what has been reported in field studies (higher sensitivity of stem growth to rainfall reductions in Q. ilex than in P. latifolia) Peñuelas 2007, Barbeta et al. 2013) , we found similar growth responses to drought at both branch and whole-tree levels (BAI) between species, and also similar relative changes in D relative to C trees (Figure 3 ; see Figure S3 available as Supplementary Data at Tree Physiology Online).
The fact that growth constraints persisted in 2014 but NSC pools, and particularly starch, increased significantly suggests that growth was not limited by carbon assimilation (Körner 2015) , at least during that time period. An increase in branch NSC concentration under extreme drought could be explained by a combination of several processes: (i) higher assimilation relative to growth and respiration demands; (ii) carbon mobilization from roots under drought (Hartmann et al. 2013 ) and/or changes in the ability to access these mobilized stocks; or (iii) changes in the allocation of NSC between growth and other immediate uses (e.g., osmotic regulation). Clearly, even low A N can result in NSC accumulation if the proportional reduction in the sinks is higher. This could explain why NSC increase in Q. ilex starts earlier (fall 2013) than in P. latifolia (spring 2014). Carbon mobilization from roots can occur, particularly in resprouting species, which are expected to allocate large carbon pools belowground (Vilagrosa et al. 2014 , Zeppel et al. 2015 . Regardless of where stored carbon comes from, higher concentrations of NSC may increase drought resistance under extreme drought (O'Brien et al. 2014 , Garcia-Forner et al. 2016 ) by facilitating the maintenance of turgor and cell metabolism and, possibly, by facilitating xylem refilling Holbrook 2009, Secchi and Zwieniecki 2011) . In our study, high NSC concentration in both species towards the end of the study period, at a time when Q. ilex mortality was already occurring, suggests that mortality was not triggered by carbon starvation.
Conclusions
Drought-induced mortality involves several processes at different spatiotemporal scales, making it difficult to attribute the cause of death to a single trait or process. The two study species, which frequently coexist in the field and are usually characterized as models of the iso-vs anisohydric behavior in Mediterranean forests, exhibit large differences in droughtinduced mortality at the stem and whole-tree levels under both field and greenhouse experimental conditions. Our study confirms their contrasting behavior in terms of water potential dynamics. However, lower water potentials in P. latifolia were not clearly associated with higher risk of hydraulic failure in this species, and hydraulic failure remains the most likely cause of death of Q. ilex under extreme drought (Martínez-Vilalta et al. 2003) . Likewise, less negative water potentials in Q. ilex were neither associated with lower stomatal conductance nor with lower assimilation in this species. These results caution against making direct links between water potential regulation, stomatal control and the physiological mechanisms of mortality.
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